Introduction
Schiff bases, first reported by Hugo Schiff in 1864, are condensation products of primary amines with carbonyl compounds. 1 The common structural feature of these compounds is the azomethine group with a general formula R-HC=N-R. These compounds are an important class of ligands in coordination chemistry and have found extensive application in various fields of science. d-Block metal complexes of Schiff bases have expanded enormously and embraced wide and diversified subjects comprising vast areas of organometallic compounds and various aspects of biocoordination chemistry. 
Synthesis of 2-[(E )-{[4-(benzyloxy)phenyl]imino} methyl]-4-[(E )-(4-nitrophenyl)diazenyl]phenol, (mbH).1/2H 2 O
A solution of 4-benzyloxyanilinehydrochloride (433.50 mg, 2.176 mmol) in ethyl alcohol (10 mL) was mixed with a solution of 2-hydroxy-5-[(4-nitrophenyl)diazenyl]benzaldehyde (498.64 mg, 1.84 mmol) in ethyl alcohol (50 mL) and the reaction mixture was refluxed for 24 h. The dark yellow product formed was dissolved in ethyl alcohol (25 mL) and left for crystallization at room temperature for a day. Then orange crystals were collected, washed with cold ethyl alcohol, and dried in air. Yield, 650.00 mg (77% 
545 υ (Mn-N). was collected and washed with a small amount of ethyl alcohol. The orange product was recrystallized from hot ethyl alcohol and it was dried at room temperature. Yield, 8.00 mg (70% 
Synthesis of di(aqua)bis{2-[(E )-{[4-(benzyloxy)phenyl]imino} methyl]-4-[(E )-(4-nitrophenyl
) diazenyl]phenolato} nickel(II), [Ni(mb) 2 (H 2 O) 2 ].3H 2 O 2-[(E)-{[4-(benzyloxy)phenyl]imino} methyl]-4-[(E) -(4-nitrophenyl)diazenyl]phenolυ (O-H hydrated water), 1630 υ (C=N), ∼ 1520 υ (-N=N-), 1340 υ (C=C), 1105 υ (C-O-C), 855 (coordinated water), 691 υ (Cu-O), 546 υ (Cu-N).
υ (O-H/hydrated water), 1632 υ (C=N), ∼1520 υ (-N=N-), 1342 υ (C=C), 1106 υ (C-O-C), 857 (coordinated water), ∼ 650 υ (Co-O), 547 υ (Co-N).

Statistical significance
The significance between control revertants and revertants of treated groups were also compared by t-test. Dose-response relationships were evaluated by using regression and correlation (r) test systems. 
Results and discussion
Synthesis
2-[(E)-{[4-(benzyloxy)phenyl]imino} methyl]-4-[(E)-(4-nitrophenyl)diazenyl]phenol (mbH) was
Experimental results of the elemental analyses of the synthesized ligand and its metal chelates are in good agreement with theoretical values. The elemental analyses of the complexes indicate that the metalligand ratios are 1:
, n = 4; Co(II), n = 8; Ni(II), n = 3; Cu(II), n = 3; or Zn(II), n = 1] metal complexes. The purity of the compounds was checked by TLC using silica gel G as adsorbent. The ligand and its mononuclear complexes are not soluble in water. Single crystals of the new azo-azomethine ligand and its transition metal chelates could not be isolated from any organic solvent; thus, no definite structures could be described.
However, structures of the compounds were proposed based on the analytical and spectroscopic data as shown in Figures 1 and 2 . The analytical and spectroscopic data showed that M(II) ions are 6-coordinate, configuration due to steric reasons and this trans configuration was also observed for similar complexes reported in the literature.
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1 H NMR spectrum of the ligand
For further information about the azo-azomethine ligand the 1 H NMR was recorded in CDCl 3 . NMR shifts of the ligand are shown in Table 1 . The 1 H NMR spectrum confirms that the ligand is intact in solution. The hydrogen atom of the azomethine group (-CH=N-) was observed at δ 8.67 ppm as a singlet. 6 The aromatic protons were observed in the range of δ 6.98-8.67 ppm as a multiplet. Benzyl (C19) protons were assigned to a singlet peak at δ 5.05 ppm. A shift at δ 14.29 ppm could be assigned to phenolic proton (O(16)H).
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Additionally, water protons were observed at 1.52 ppm. The presence of water in the structure was also confirmed by infrared spectroscopy and elemental analysis. 
FT-IR spectra
In order to study the bonding of the mbH azo-Schiff base to the metal, the infrared spectrum of the mbH was compared with spectra of the corresponding metal chelates. The infrared spectra provided valuable information regarding the nature of the functional groups attached to the metal ion. The main infrared bands and their assignments are given in the experimental section. In the spectrum of azo-azomethine ligand (mbH), a strong band at 1637 cm −1 is attributed to the C=N (azomethine) group. 33 Upon coordination, this band C=N (azomethine) shifted to a lower frequency due to a shift of lone pair density toward the metal ion, indicating coordination of azomethine nitrogen to the metal center. 34−36 The spectrum of the mbH ligand exhibits a broad band at 3448 cm −1 due to phenolic and water -OH. 37 The phenolic -OH stretch disappears in the spectra of metal complexes, indicating that upon coordination of the ligand to metal centers the phenolic oxygen atoms are deprotonated. 38 All the vibrational data suggest that the metal ion bonded to the azo-azomethine ligand through the phenolic oxygen and the imino nitrogen atoms.
Electronic spectra
The electronic spectra of the mbH ligand and its metal chelates were recorded in DMSO between 200 and 800 nm. The compared dates of the UV-Vis spectra for the azo-azomethine dye and its metal chelates are shown in The absorption of the synthesized ligand (mbH) displays mainly 3 bands in DMSO solution at room temperature within the studied range. The band at 238 nm was assigned to the π → π * transition of aromatic rings, while the band at 292 nm as a shoulder is due to the low energy π → π * transition of the -CH=N-and -N=N-groups. 39, 40 The peaks belonging to the π → π * transitions in the spectra of the The band at 361 nm was assigned to the n→ π * transitions of the -CH=N-and -N=N-azo chromophore groups.
The peaks belonging to these groups in the spectra of the [Mn(mb 
X-ray powder diffraction analysis
Growth of single crystals of azo-azomethine compounds from various solvents including DMF, ethyl alcohol, chloroform etc. failed and so they were characterized by XRD. 42,43 X-ray powder diffraction analysis of the mbH ligand and its metal complexes was carried out to determine the type of crystal system, lattice parameters, and the cell volume. As shown in Figure 5 the XRD patterns indicate a crystalline nature for the mbH ligand and its metal complexes. Indexing of the diffraction patterns was performed using HighScore Plus software. For the Mn(II) and Co(II) complexes, for example, their Miller indices (hkl) along with observed and calculated 2θ angles, d values, and relative intensities are given in Tables 3 and 4 . From the indexed data the unit cell parameters were also calculated and are listed in Table 5 where λ is X-ray wavelength (1.5406Á), θ is Bragg diffraction angle, and β is the full width at half maximum of the diffraction peak). 47, 48 The average crystallite sizes of all the samples were found to be ∼ 38-75 nm and the values are given in Table 5 .
Cyclic voltammograms
Cyclic voltammograms of the ligand and its complexes were run in DMF and CH 3 CN solutions at room temperature using Bu 4 NBF 4 as supporting electrolyte at 293 K. All potentials quoted refer to measurements run at a scan rate (v) of 200, 250, and 500 mV s Tables 6 and 7 . All complexes show strong cathodic peaks in the range from -0. The electrochemical curves of the [Co(mb)( . Other data (ii) have been obtained by scan rate 500 mV s . Other data (ii) have been obtained by scan rate 500 mV s The Zn(II) complex of the azo-Schiff base ligand mbH shows the reversible process at the -0. As the ligand has an electron donating benzyloxy group, the cathodic and anodic peak potentials were shifted to the negative regions. However, the ligand has a nitro group. As the nitro group has the electron accepting property, the redox potentials in the metal complexes shifted to the positive regions due to the -NO 2 groups in the complexes, and the reduction and oxidation potentials were shifted to the higher positive regions. 49 The quinoid process would involve self-protonation reactions where the benzyloxy group acts as a proton donor. Oxidation-reduction peaks of the ligands at the different scan rates shifted to lower or higher potentials. 45 This process is shown below:
The mbH ligand showed the quinoid forms ( Figure 8 ). 
Genotoxicity
The azo-azomethine (mbH) ligand was mutagenic on S. typhimurium TA98 but not mutagenic on S. typhimurium TA100 in the presence and absence of S9 mix (Table 8 ). In addition, mutagenic activity of the mbH ligand on TA98 increased with increasing dose in the presence and absence of S9 mix ( Figure 9 , r = 0.95924; Figure 10 , r = 0.96762). (Figure 9 , r = 0.98882; Figure 10 , r = 0.95068) and mutagenic activity of (6) 
on S. typhimurium TA98 increased with increasing dose in the presence of S9 mix ( Figure 10 , r = 0.97699). (Figure 9 , r = 0.99735; Figure 10 , r = 0.9768). Dose-dependent increase in the mutagenic activity of (mbH) ligand and its metal complexes on S. typhimurium TA98 in the absence of S9 mix.
Square 
Conclusion
In this work an azo chromophore group containing a Schiff base ligand the Mn(II) complex has a orthorhombic structure. In the electrochemical studies of the ligand and its metal chelates, reversible and irreversible redox processes were shown. Based on the above results, the structure of the coordination compounds under investigation can be formulated as in Figure 2 .
According to data obtained from the salmonella/microsome test, the mbH ligand and its 5 transition metal complexes tested and their metabolites induced frameshift mutation (TA98). Generally, the effect of the mbH azo-azomethine ligand and its complexes on TA98 was greater than that on TA100.
